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I N T R O D U C T I O N
A comi i lunity-based medical t e s t ing program was d eve l oped to respond to reports of i l l n e s s among persons expo s ed
to asbe' tos-contaminated vermiculite in Libby, Montana. T h i s medical t e s t ing program, a part of the Libby
Communi ty Environmental H e a l t h P r o j e c t , was undertaken by the Agency for T o x i c Substances and Disease
Registi (ATSDR), an agency of the U . S . Department of Heal th and Human Services (DHHS), with the
c o o p e r a t i o n o f t h e D H H S Region V I I I O f f i c e , t h e U . S . Environmental Protec t ion Agency ( E P A ) , t h e Montana
Department of H e a l t h and Human Services, and the Lincoln County Environmental H e a l t h Department.

The pn nc ipa l goal of the medical t e s t i n g program is to i d e n t i f y the asbes tos-related h ea l th e f f e c t s of p a r t i c i p a n t s
exposed to asbestos f rom the vermiculite mine near Libby, Montana, and to re f er these ind iv idua l s for add i t i ona l
medica i evaluation as needed.

The program was not des igned as an analytic e p i d e m i o l o g i c study with comparison groups and random sampl ing
of exposed and comparison groups. Never th e l e s s , the data co l l e c t ed prov ide s important in format ion about the
prevalence and degree of asbestos-related abnormalities among a large number of current and former Libby
re s ident s , and about the pos s ible re lat ionships between these abnormalities and a number of exposure pathways
reported by community members. The main object ives of the data analysi s were (1) to i d e n t i f y and quanti fy
possibK asbestos-related health outcomes among part i c ipant s and (2) to examine any association between these
outcomes and the par t i cpan t s ' exposure his tories , i j t l i l i l i i l^^

physieiaQs; and

M^^i^M^IM-^S
Siiiiiaii^^
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B A C K G R O U N D
Comrm rcial vermiculite f rom Z o n o l i t e Mountain, located a p p r o x i m a t e l y 6 miles f r o m the city of Libby, Montana,
was mined and m i l l e d f r o m 1924 through 1990. T h i s operation included§||i t i l i l i i i i i ig|| l i i strip mining for the
ore, cin- s i l l l l l l i^^

||i|i^ite!!piii

oiTin^ it oy ITUCK to & somii^ *3.ciiity 3HQ to processing* pi snt s in downtown HDDy,
C A L / a l i C l i n^ t-TiC OiC DV l i C d l l l l g , iUiu 3111 L)L)1I1^ 11 \jj I d l l <15 ci C-OllllliC'lCltll p i O v l l l C i . /\ U c l l l M C i I < l C l l l i y iVJiS lv/v-«lCQ <ii l i iC

base of ihe mountain, approximate ly 3 miles from HbbyrTwo expansion ( " p o p p i n g " ) f a c i l i t i e s operated at d i f f e r e n t
time p c n o d s in the c i ty; these p l a n t s heated b^^^lij^liiiii^iivenmctiHte to expand (or "pop")

t t / r a , < L c / Q t

To date the toxici ty of verrruculite is not complete ly understood. However, it is thought that the toxic e f f e c t s ~~~)
(•$assoc iated with vermiculite exposure are related to the presence of asbe s to form minerals present in vermiculite ore / <-1

\ (and released during mining and proc e s s ing operations. Evidence shows that ore taken f rom the Libby mining J -4 -U
' ' - •

opera t i i m has been contaminated with asbes to form minerals, i n c l u d i n g ^^^^^^^^^^ji^l^^^^6,,,,..--..., ,,,,,,,,,,,,,,,,,„,,,,,,,,,,,,,.,.,,,„,, ,,,,,,,,,,,,,,,,,,,„,„,,.,.,,,.,...,,m^Mi ^iSi^ii^^lmfi^i^Temo\}\e, a c t ino l i t e , and others $&%$$%& l H i i ' ^ i i Atkinson et al. 1 982
and Loi key 1 9 8 4 ] , Asbes tos minerals fall into two groups or classes — serpent ine and amphibole . Serpen t in e
asbesto - contains the mineral chrysot i le . Minera l s in the amphibole class are a c t ino l i t e , a n t h o p h y l l i t e , amosite,
c r o c i d o l i t e , and tremol i t e . For the remainder of this report (unless otherwise s p e c i f i e d ) , the term "asbestos" or
"asbestus-related" re fer s g enera l ly to amphibole asbestoform minerals associated with vermiculite mined near
Libby, Montana.

I n h a l a l ; o n of asbestos f i b er s f r o m asbe s to form minerals suspended in air can result in a number of adyerse j i sa l th
e f f e c t s u c l u d i n g i ' p l e u r a l changes^asbestosis, mesothelioma, and lung cancer ( S e l i k o f f a n d Chrug, 1965; A l b e l d a e t
al., 19S2; K i l b u r n et al., 1985; Anderson, et al., 1976). The risk of d e v e l o p i n g any one of these diseases d e p e n d s
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upon m.iny f a c t o r s i n c l u d i n g the ^ ^ j j i ^ j ^ i i j j j i type o f f iber , level o f exposure, duration o f
exposui e, i|l$|̂ ^ cigaret te smoking his tory of the exposed
i n d i v i d u a l . Changes in the l in ing of the p l eura include p laque s (circumscribed pleural thickening), d i f f u s e pleural
t h i c k e n i n g , c a l c i f i c a t i o n s , and p l eural e f f u s i o n s (accumulat ions of f l u i d in p l eural space). The presence of pleural
abnorn i . i l i t i e s on chest radiograph, associated with asbestos exposure, indi ca t e s an increased risk for mesothelioma
and \ur\i, cancer. The risk for lung cancer is related to cumulative asbestos exposure ^^j^^Sj^j^i^&^iS^.
In a d d i t i o n , c igaret te smoking increases the risk for lung cancer among persons with asbestos exposure above the
a d d i t i v i risk of either smoking or asbestos exposures alone. The prevalence of mesothelioma, a rare cancer of the
mesoth - l ia l c e l l s of the peritoneum or pleura, is s trongly associated with asbestos exposure. However,
mesoth l i oma has been seen a f t e r exposures to re lat ive ly low level s of asbestos for short time periods (Becklake
1976).

A n o t h e r health e f f e c t related to asbestos exposure is abnormal v en t i la t i on which is measured by spirometry or lung
f u n c t i o n t e s t ing. The two types of abnormal venti lat ion i d e n t i f i e d by sp irometry are ca l l ed restrictive and
ob s truc i ive patterns. The obstructive pattern results f r om decreases in e xp i ra t o ry ' f l o w rates and is indicative of
asthma chronic bronchitis, and/or emphysema. The restrictive pattern re su l t s f r om decreases in pulmonary air
volun^ associated with parenchymal disease (as in sarcoidosis or pneumoconio s i s) or extraparenchymal disease
(as w i l l i neuromuscular or chest-wall di sorders). Patients with asbes tos-related pulmonary impairment t y p i c a l l y
demons tra t e restrictive abnormalities on spirometry tes t ing.

Previous s tudie s by the National I n s t i t u t e of Occupational S a f e t y and H e a l t h (NIOSH) ' j
|£||b, t i H H and M c G i l l Univer s i ty l i l i i l i i l l i f f l i i l i i l i i [ A m a n d u s ct al. 1987a, 1987b, 1987c] found that
former workers of the mine in Libby had substantial occupational exposure to asbestos. T h e s e s tudies also Wjfa
documented s i g n i f i c a n t l y increased rates of pulmonary abnormalities and disease (asbestosi s and lung cancer)
among former workers [McDonald et al. 1986]. In addi t i on to former workers at the mine, cases of asbestos-related
pulmon.iry impairment have been reported among household contacts of former mine workers. Asbes tos-related
disease also has r epor t ed ly occurred among other res idents of the community with no known direct connection with
the m i n i n g operation. T h i s is extremely unusual and suggests that asbestos exposure occurred in Libby from
alternai ive or non-occupational exposure pathways. Some p o t e n t i a l l y important alternative pathways for past
asbestON exposure inc lude elevated concentrations of asbestos in ambient air [EPA 1 9 8 2 ] , and recreational
exposui es f r om children p l a y i n g in p i l e s of vermiculite. Currently, some p o t e n t i a l l y important pathways of
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exposui e i n c l u d e vermiculite p lac ed in wal l s and attics as thermal insulat ion,
t^iJis^'^i^^^^l^iiili^M^^i^^^^ad vermiculite WiMi^iiMas a soil amendment or aggregate in
drivewnys and gardens.

T h i s reiwrt out l ine s the ^jjf^i^tjexposuie pathways and health outcomes for 6, 149 persons p a r t i c i p a t i n g in an
on-site medical t e s t ing program f r o m July through November, 2000, in Libby, Montana. The main objec t ive s of the
data an i l y s i s were (1) to i d e n t i f y and quant i fy po s s i b l e asbestos-related health outcomes among par t i c ipant s and
(2) to e \amine any association between these outcomes and the p a r t i c p a n t s ' exposure histories.

M E T H O D S
Participants
Person were e l i g i b l e for par t i c i pa t i on in the medical te s t ing program if they were former workers of W.R.
G r a c e / / onol i t e Company ( h e r e a f t e r W R G ) , secondary contractors of W R G , household contacts of former WRG
worker . or had re s ided, worked, a t t ended school, or par t i c ipa t ed in act ivi t i e s in the Libby area for 6 months or
more b e f o r e December 31, 1990. The medical t e s t ing program consi s t ed of a standard questionnaire, three-view
chest r a d i o g r a p h s and s i m p l e sp irometry t e s t ing. Prior to the start of the medical t e s t i n g program, there had been
national -level press coverage of the vermiculite problem in Libby, thus community awareness was high and
residems were very motivated to par t i c ipa t e . Part i c ipant s were i d e n t i f i e d f rom t e l ephone directories and
a d d i t i o n a l l y through paid newspaper, radio and televis ion advertisements as well as through word of mouth and
medica l r e f erral s . A t o l l - f r e e t e l e p h o n e l ine was established for interested persons to obtain information about the
program and for screening p a r t i c i p a n t s to determine e l i g i b i l i t y . T e l e p h o n e screening to determine e l i g i b i l i t y began
in Apn I 2000, with on-site medical t e s t ing conducted f r o m July through November, 2000.

After i n f o r m e d consent was obtained, an in-person interview using a computer-ass i s t ed questionnaire was
admini s t ered to obtain health-related in format ion, i n c l u d i n g demographic characteristics such as age and sex,
r e s i d e n i i a l his tory, occupational his tory, recreational activities and other p o t e n t i a l pathways related to asbestos
exposui es, cigarette smoking status, medical history, and se l f-reported symptoms and i l lne s s e s . Covariates
p o t e n t i a l l y related to both exposures and outcomes included age, sex, body mass index (BMI), cigarette smoking
status, i c n g t h of residence in the Libby area, concern with neighborhood environment and s e l f - r e p o r t e d pulmonary
disease chest in jury or chest surgery.
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Chest r i d i o g r a p h s were o f f e r e d to p a r t i c i p a n t s 18 years of age or older and included posterior-anterior (P-A), right
anterio: -oblique, and left anterior-oblique views. For s a f e t y purpose s , women of chi ldbearing age were informed
that tin v should p o s t p o n e receiving a chest radiograph if they were pregnant. The i|tlliMi|y|equipment and
procedure s used to obtain the chest rad iograph s ^^^^^^^^^^^^^^comptied with guide l ine s
d e v e l o p e d by NIOSH ( S a r g e n t 1982). The radio log i s t on s i te assessed the consi s tency and qual i ty of each chest
radiogi iph taken and prov ided a routine rad io log i c in t erpre ta t i on , which i n c l u d e d recording asbes tos-related
change - on a summary report form. If f i n d i n g s on a chest radiograph suggested the need for immediate medical
a t t e n t i o n , the on-site r a d i o l o g i s t c o m p l e t e d a referral form, and the p a r t i c i p a n t was counseled and directed to an
a p p r o p i iate source of medical care.

In a d d i t i o n to evaluation and i n t e r p r e t a t i o n by the on-site rad i o l og i s t , p a r t i c i p a n t s ' chest radiographs were
evaluated by three c er t i f i ed B-readers, phys ic ians cert i f i ed by NIOSH as q u a l i f i e d to interpret chest radiographs for
environmental du s t -r e la t ed diseases. For this report, we d e f in ed a case of pleural abnormality as (1) pleural
abnorni .d i t i e s i d e n t i f i e d by at least two of three B-readers using a combination of oblique and P-A views of the
chest r a d i o g r a p h , and (2) i n t e r s t i t i t i a l abnormalities i d e n t i f i e d by at least two of the three B-readers using the P-A
view ol the chest radiograph. A l t h o u g h the typical radiologic evaluation under the Internat i ona l Labor O f f i c e (ILO)
c l a s s i f i i ation uses only the P-A view (ILO 1980), use of both the P-A and oblique views increases the ab i l i ty to
detect abnormal i t i e s . To f a c i l i t a t e comparisons with other s tudies, pleura! abnormalit ies f ound only in the P-A
views v ere also noted. I n t e r s t i t i a l disease, in comparison to pleural disease, is best detected using the P-A view.
C o n s e q u e n t l y , only the P-A view was used to report inter s t i t ia l disease.

In a d d i i ion to outcomes based on chest radiographs, other outcomes were considered for analysi s i n c l u d i n g : s e l f -
reportC' 1 health condi t ions associated with asbestos; malignant outcomes associated with asbestos exposure (such as
lung cancer and meso the l ioma); and restrictive abnormalities based on pulmonary f u n c t i o n tests. Pulmonary
f u n c t i o n t e s t ing or spirometry t e s t ing was o f f e r e d to all par t i c ipant s . T h e s e te s t s f o l l o w e d the American Thorac i c
S o c i e t y s gu ide l ine s and were performed by a qual i f i ed technician and in t erpre t ed by an on-site pulmonogi s t . The
spironii trie tests recorded (a) the f or c ed expiratory volume in 1 second (FEV1); (b) the volume that can be e xp ir ed ,
regardkss of time, a f t e r a maximal inhalat ion, t y p i c a l l y called the f or c ed vital capac i ty (FVC); and (c) their
c a l c u l a i e d ratio (FEVl/FVC). H e i g h t and weight were measured for comparison with normative p o p u l a t i o n data on
the ba s i s of the participant's age, h e i g h t , and sex. Moderate-to-severe restrictive changes were d e f i n e d as FVC that
is less i iian 70% of predic ted value.
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Exposure Characterization
To desi ribe potent ial pathways of exposure to asbestos or vermiculite, p a r t i c i p a n t s were asked about work histories
i n c l u d i i ig having worked for WRG or as a contractor for W R G , having been exposed to dust at non-WRG j o b s ,
having mixed, cut or sprayed asbestos, or having had other occupational exposure to asbestos. Other questions
sought in f ormat i on on household contact with WRG workers, having asbestos product s in the home, use of
v e r m i c i i l i t e in gardening or in su la t ion, and exposures through recreational activities such as p l a y i n g in vermiculi te
p i l e s and p l a y i n g in the b a l L f i e l d near the expansion p l a n t or p l a y i n g along Rainey Creek|jjii|^. Part i c ipant s were
also as! ed if they had 'popped' vermiculi te at home or if they had any other contact with vermiculite.

K E S U 1 , T S
Description of the Participants
A total of 6,149 current and former re s ident s of Libby and surrounding areas par t i c i pa t ed . T h i s represents a
subs tani ial propor t i on (60.5%) of the 10,161 persons in the Libby divi s ion of Linco ln County (U.S. Bureau of the
Census 2000). Of these, 5,590 (90.9%) were age 18 and o lder and th er e f or e e l i g i b l e for chest radiographs. A
breakdown of the p o p u l a t i o n by sex and age group is d i sp layed in T a b l e 1.

T a b l e ! . M e d i c a l T e s t i n g P a r t i c i p a n t s by Sex and Age G r o u p
S e x
A l l

Male

F e m a i c

Age Group
0-17
18-44
45-64

65 or greater

0-17
18-44
45-64

65 or greater
A l l Ages

0-17
18-44
45-64

65 or greater
All Ages

Number
559

2052
2531
1007

273
972

1263
499

3007

286
1080
1268
508

3142

%
9.01
33.4
41.2
16.4

4.4
15.8
20.5
8.1

48.9

4.7
17.6
20.6
8.3

51.1
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The pa i t i c i p a n t s were nearly evenly divided by sex, 49% male and 51% f e m a l e , with a similar sex d i s t r i bu t i on in
each aj. j group. The major i ty of p a r t i c i p a n t s were age 18-65 years (75%), and 44% were in the 45-64 age group.
Of tho<-j p a r t i c i p a n t s who had chest rad iographs , 37% were age 18-44, 45% were age 45-64 and 18% were 65 or
older.

A breakdown of the p o p u l a t i o n by sex and other key fa c t or s or covariates is d i s p l a y e d in T a b l e 2. F i f t y - f o u r
perceni (54%) of males and 45% of f e m a l e s were former or current c igare t t e smokers. A p p r o x i m a t e l y hal f of the
particij'.mts had never smoked. Of those, 85% were age 18 or older. F e m a l e s were s l i g h t l y more l i k e l y to be
current smokers (21% vs. 18%).

Male s ;iiid f e m a l e s had s imilar d i s t r i bu t i on s for years of residence in the Libby area.. Roughly 74% of the
particii',mts lived in the Libby area for 15 years or more. Of the 1,598 p a r t i c i p a n t s who lived in the Libby area for
le s s th; in 15 years, 377 (24%) were age 17 or younger.

Many el'the p a r t i c i p a n t s were overweight. A BMI of 25 to 29.9 is considered overweight and a BMI of 30 or
above i considered obese; 67% of par t i c ipant s had a body mass index 25 or higher. Male s were more l i k e l y than
f e m a l e 1 to have a BMI over 25 (72% vs. 62%), but f e m a l e s were s l i g h t l y more l i k e l y to be obese (33% vs. 31%).

T a b l e 2. Key risk f a c t o r s by sex
Variable Level Male F e m a l e
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Smok i ng H i s t o r y Never 1391 1732
(%) (46.3%)

Ex-Smoker 1064
(%) (35.4%)

Current 551
(%) (18.3%)

Years Lived in Libby 0-14 787
(%) (26.3%)

15-22 701
(%) (23.4%)

23-34 740
(%) (24.7%)
34+ 763
(%) (25.5%)

Body Mass I n d e x 0-18 82
(%) (2.8%)

19-24 742
(%) (24.9%)

25-29 1227
(%) (41.2%)
30+ 929
(%) (31.2%)

(55.1%)
749

(23.9%)
660

(21.0%)

811
(25.9%)

822
(26.3%)

761
(24.3%)

738
(23.6%)

125
(4.0%)

1066
(34.3%)

888
(28.6%)

1028
(33.1%)

Exposure Characterization
The ei£ l i t e en exposure pathways that were used in the analyses are l i s t e d in T a b l e 3. T h e s e inc lude a number of
occupai mnal, recreational, household and other po t en t ia l exposures reported by the par t i c ipant s . U s i n g these
pathwa \ s, an exposure p r o f i l e was created for each part i c ipant for the d i f f e r e n t analyses. For some analyses,
exposui e variables were grouped according to broad c la s s i f i ca t i on s such as o c cupa t i ona l , recreational, household or
miscell meous exposure. The multivariate analyses focused on individual exposures controlling for all other
exposui es. Part i c ipant s may have had one, several, or none of these exposures.
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T a b l e 3. Exposure Var iab l e s Used in the A n a l y s i s
Exposure Pathway_______ _____________________________Abbreviation for Graphs
Ever work for WR G r a c e / Z o n o l i t e Workwr
Secondary contractor work Work2nd
Dust i xposure at non WR Grace j o b s W o r k d u s t
V e r m i c u l i t e exposure at non WR Grace j o b s Workvgrm
W o r k e d in job mixing, cu t t ing or spraying asbestos W o r k o t h l O
W o r k e d at any job exposed to asbestos W o r k o t h l 2
A s b e s i o s exposure in the mil i tary M i l e x p
Lived with WR G r a c e / Z o n o l i t e workers HHWR
V e r m i c u l i t e insulat ion in Linco ln County homes Vermins
A s b e s i o s products in L i n c o l n County homes Asb
Used Vermicul i t e for gardening Vermgard
Used V e r m i c u l i t e around the home Vermuse
H a n d l e d Vermicu l i t e in su la t ion Vermhand
Recre itional activit ie s along Rainey Creek Recre
Played at b a l l f i e l d near expansion p l a n t Playba l l
Played in Vermicul i t e p i l e s V e r m p l a y
Poprx d Vermicu l i t e Vermpop
Other contact with Vermicu l i t e Vermcont

Figure.' 1 -3 compare the p r o p o r t i o n of male and f e m a l e par t i c ipan t s report ing various exposure pathways.
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F i g u r e 1: Occupational Expo sure to A s b e s t o s or V c r m i c u l i t e
Proportions by Male and F e m a l e

Figure 1 shows that
males were much
more l ike ly than
f e m a l e s to have

W r k o t M OWorkwr W o r k v g r m
M a l e H F e m a l e

W r k o t h 12 r e P ° r t e d occupational
exposures. Among

ll~*̂  """ those who reported
having worked at W R G , 303 (92%) were male and 25 (8%) were f ema l e . Overall, 10% of males reported having
worked at WRG and 12% reported having worked as a secondary contractor there. T w e n t y - f o u r percent (24%) of
males i oported Vermicu l i t e exposure at non WRG jobs . Two percent (2%) of r e spondent s reported mixing, cut t ing,
or spra> ing asbestos at non-WRG j o b s , and 12% reported being exposed to asbestos at non-WRG jobs . Of those
who reported having worked at W R G , 57% were age 45-65, 27% were age 65 and o lder , and 16% were age 18-45.

F i g u r e s 2 and 3 show that males were more l ik e ly than f e m a l e s to have engaged in non-occupational activities that
exposed them to asbestos or vermiculite, though the d i f f e r e n c e s were le s s pronounced compared to occupational
exposui es. The only notable except ion was that f e m a l e s were more l i k e l y than males to have been a household
contacl of a WRG worker (60% vs. 40%).
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F i g u r e 3: Other Exposure to A s b e s t o s or V e r m i c u l i t e
Proportions by Male and F e m a l e

HHwr | V e r m i n s I V e r m g a r d | AsbV e r m c o n t W o r k d u s t V e r m h a n d V e r m u s e
M a l e F e m a l e

F i g u r e 2: Recrecreational Exposure to A s b e s t o s or V e r m i c u l i t e
Proport ions by Male and F e m a l e

Recre P l a y b a l l V e r m p l a y V e r m p o p
M a l e F e m a l e
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Of the ' arious exposure pathways, the most common was recreational a c t i v i t i e s a long Rainey Creek Road ( 4 1 1 5
{67%} repor t ing 'yes') and the least common was working with asbestos in a non WRG job (2%). P l a y i n g in the
b a l l f i e l . Is near the expansion p l a n t was reported by 3991 par t i c ipant s (65%) and 2001 (32%) reported p l a y i n g in
V e r m i c u l i t e p i l e s .

Chest Kadiograph Abnormalities - Crude Analysis
The t a b l e s in this section report crude, or u n a d j u s t e d , prevalence rates of abnormali t i e s for the exposure categories
and other risk fac tor s . The prevalence rates are s i m p l y the number of abnormalit ie s occurring in persons in each
expo su i e category. T h e s e crude propor t ions or prevalence rates did not take into account other important risk
f a c t o r s md are in t ended to be used for de s cr ip t ive purposes. Because the prevalence of these abnormalities
increases with age and may d i f f e r by other risk f a c t o r s such as sex or BMI, a d j u s t m e n t s for these variables were
made in subsequent analyses presented later in this report.

T a b l e 4 summarizes the number and proport ion of part i c ipant s having a p o s s i b l e asbestos-related inter s t i t ia l or
pleural abnormality that was i d e n t i f i e d on the chest radiograph by at least 2 b-readers. Results are presented by
exposui e pathway and radiographic view.

T h i s t a b l e shows that using all views is more sensitive than either the P-A or oblique view alone for d e t e c t ing
pleural abnormalities. It also shows that the prevalence of pleural f i n d i n g s was considerably higher than for
in t er s t iual f i n d i n g s : 994 (18%) par t i c ipant s (age 18 and o l d e r ) had a pleural abnormality (all views) compared to
only 1" .• who had an interst i t ial abnormality.

T a b l e I. Number and (percent) of Pleura l and I n t e r s t i t i a l F i n d i n g s Abnormali t i e s by View and Exposure
V a r i a b l e
Exposure Pathway Pleural Pleural Pleural I n t e r s t i t i a l

All Views P-A View Obi View P-A View
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A l l
Ever v ork for W R G / Z o n o l i t e
S e c o n d a r y contractor work
Dust e vposure at non WRG j o b s
Vermi. u l i t e exposure at non WRG j o b s
Non V\ RG job working w/ asbestos
Worke 1 at any job exposed to asbestos
Asbest >s exposure in the mi l i tary'
Lived with W R G / Z o n o l i t e workers
Vermin ul i t e insulat ion in homes
A s b e s t . i s product s in homes
Used \ ermiculi te for gardening
Used \ ermiculite around the home
H a n d k d Vermicu l i t e insulation

S o m e t i m e s
F r e q u e n t l y

Recreai ional ac t iv i t i e s along Rainey Creek
Road

994 ( 1 7 . 8 )
159 (48 .5)
147 ( 3 6 . 8 )
436 (22.4)
215 ( 2 3 . 6 )
3 8 ( 3 1 . 4 )

173 (24.7)
63 ( 4 1 . 5 )

303 ( 2 5 . 5 )
5 0 9 ( 2 1 . 2 )
1 8 6 ( 2 0 . 1 )
602 ( 2 0 . 3 )
92 ( 1 9 . 8 )

780 ( 1 4 . 0 )
1 3 7 ( 4 1 . 8 )
109 ( 2 7 . 3 )
3 2 7 ( 1 6 . 8 )
1 6 6 ( 1 8 . 2 )
3 1 ( 2 5 . 6 )

133 ( 1 9 . 0 )
52 ( 3 4 . 2 )

255 ( 2 1 . 4 )
4 0 9 ( 1 7 . 1 )
1 3 6 ( 1 4 . 7 )
472 ( 1 6 . 0 )
7 5 ( 1 6 . 1 )

6 5 7 ( 1 1 . 8 )
1 1 9 ( 3 6 . 3 )
9 2 ( 2 3 . 1 )

2 9 8 ( 1 5 . 3 )
1 3 5 ( 1 4 . 8 )
22 ( 1 8 . 2 )

1 1 3 ( 1 6 . 1 )
40 ( 2 6 . 3 )

207 ( 1 7 . 4 )
3 3 2 ( 1 3 . 8 )
121 ( 1 3 . 1 )
3 9 6 ( 1 3 . 4 )
6 5 ( 1 4 . 0 )

49 ( 0 . 9 )
1 4 ( 4 . 3 )
8 (2.0)

2 0 ( 1 . 0 )
8 (0.9)
2 ( 1 . 7 )
6 ( 0 . 9 )
1 ( 0 . 7 )

1 6 ( 1 . 3 )
2 6 ( 1 . 1 )
8 ( 0 . 9 )

27 (0.9)
0 (0.0)

481 (20 .9)
165 ( 2 6 . 6 )

383 ( 1 6 . 7 )
133 ( 2 1 . 5 )

3 2 8 ( 1 4 . 3 )
105 ( 1 6 . 9 )

22 ( 1 . 0 )
9 ( 1 . 5 )

S o m e t i m e s
F r e q u e n t l y

Played at b a l l f i e l d near expansion p lan t
Somet ime s
F r e q u e n t l y

Played in Vermi cu l i t e p i l e s
Somet ime s
F r e q u e n t l y

P o p p e d V e r m i c u l i t e
Somet ime s
Fre . [ u e n t l y

Other > ontact with Vermicul i t e
Soi i l e t imes
F r e q u e n t l y

455 (17.4)
265 ( 2 1 . 7 )

248 (14.8)
364 (18 .8)

213 ( 1 8 . 7 )
195 (26.0)

392 ( 2 1 . 7 )
1 1 9 ( 2 5 . 4 )

279 ( 1 9 . 4 )
59 (24.8)

3 4 7 ( 1 3 . 3 )
2 1 1 ( 1 7 . 3 )

1 8 4 ( 1 1 . 0 )
294 ( 1 5 . 2 )

165 ( 1 4 . 5 )
165 (22.0)

3 1 7 ( 1 7 . 5 )
99 ( 2 1 . 2 )

2 1 5 ( 1 5 . 0 )
56 ( 2 3 . 5 )

3 1 7 ( 1 2 . 1 )
174 ( 1 4 . 2 )

1 7 2 ( 1 0 . 3 )
2 3 9 ( 1 2 . 3 )

1 4 6 ( 1 2 . 8 )
133 ( 1 7 . 7 )

268 ( 1 4 . 8 )
84 (18.0)

1 9 5 ( 1 3 . 6 )
35 (14.7)

18 (0.7)
1 5 ( 1 . 2 )

8 ( 0 . 5 )
16 (0 .8)

8 (0.7)
5 (0.7)

12 (0.7)
9 ( 1 . 9 )

11 (0.8)
5 ( 2 . 1 )

The t a b l e also shows the crude propor t i ons of abnormalities for the various exposure pathways. The s e prevalence
rates do not account for the p o s s i b l e in f lu enc e of confounding variables or m u l t i p l e exposures, and so cannot be
used to e s t ab l i s h a causal r e la t i on sh ip . Never th e l e s s , they can be use ful for i d e n t i f y i n g p o t e n t i a l l y important risk
f a c t or s .i^l^^^^^^^^^^i^^^^^^^^^. The exposure pathway with the highest unadju s t ed rate
for p l e u r a l abnormalit ie s was former WRG workers, with 159 (49%) having pleural abnormalities.

-13-



Crude i >dds ratios for pleural abnormalities (all views) and exposure pathways are d i sp layed in T a b l e 5. The odds
ratio is i he odds of f i n d i n g a pleural abnormality for p a r t i c i p a n t s with a given exposure compared to those without
the exp. >sure. For e xampl e , an odds ratio of 2 would mean that the odds (r i sk) of observing an abnormality for a
partici| ,mt with an exposure is 2 times as great as that of a par t i c ipant without the exposure. As in the previous
table , t h e s e odds ratios do not account for c o n f o u n d i n g variables or the p o s s i b i l i t y that p a r t i c i p a n t s may have had
m u l t i p l j exposures. S u c h f a c t o r s are accounted for in the multivariate analysts to f o l l o w .

T a b l e 5. Crude O d d s Ratios for P l e u r a l F i n d i n g s by Expo sur e V a r i a b l e ||i||||||||i|i||ii||||||f|
Exposure Pathway OR (95% CI)

Ever work for WR G r a c e / Z o n o l i t e 5.0 (4.0-6.3)
Secondary contractor work 3.0 (2.4-3.7)
Dust i xposure at non WR Grace j o b s 1 . 6 ( 1 . 4 - 1 . 8 )
V e r m i c u l i t e exposure at non WR Grace j o b s 1.6 ( 1 . 3 - 1 . 8 )
Worked in job mixing, cutting or spraying asbestos 2.2 ( 1 . 5 - 3 . 2 )
Worked at any job exposed to asbestos 1.6 (1.3-2.0)
A s b e s i o s exposure in the military 1.4 ( 1 . 0 - 1 . 9 )
Lived with WR G r a c e / Z o n o l i t e workers 1.8 ( 1 . 6 - 2 . 1 )
V e r m i c u l i t e insulation in Linco ln County homes 1.5 ( 1 . 3 - 1 . 7 )
Asbe s io s product s in Lincoln County homes 1.2 ( 1 . 0 - 1 . 4 )
Used Vermicul i t e for gardening 1.4 ( 1 . 3 - 1 . 7 )
Used Vermicu l i t e around the home 1.2 ( 0 . 9 - 1 . 5 )
H a n d l e d Vermiculite insulation

S o m e t i m e s 1 . 8 ( 1 . 5 - 2 . 1 )
F r e q u e n t l y 2.4 (2.0-3.0)

Recre.itional activities along Rainey Creek
Somet ime s 1 . 1 ( 0 . 9 - 1 . 3 )
F r e q u e n t l y 1.5 ( 1 . 2 - 1 . 8 )

-14-



Played at b a l l f i e l d near expansion p l a n t
Somet ime s 0.7 (0.6-0.9)
F r e q u e n t l y 1 . 0 ( 0 . 8 - 1 . 1 )

Playe i I in Vermicu l i t e p i l e s
S o m e t i m e s 1.2 (1.0-1.4)
F r e q u e n t l y 1 . 8 ( 1 . 5 - 2 . 2 )

P o p p t J Vermicu l i t e
Somet ime s 1 . 6 ( 1 . 4 - 1 . 9 )
F n q u e n t l y 2 . 0 ( 1 . 6 - 2 . 5 )

Other contact with Vermicul i t e
S o m e t i m e s 1.6 (1.2-2.2)
Frequently__________________________________________1.4(1.0-1.9)_______

*Exponsre pathway of interest compared with those without that s p e c i f i c exposure. Part i c ipant s may have hadm u l t i p l e pathways of exposure.

Crude propor t i on s and odds ratios for pleural abnormalities (all views) for other important risk fa c t or s are
d i s p l a y d in T a b l e s 6-11. T a b l e 6. shows propor t i ons and odds ratios for pleural abnormalities by sex. Males had a
s i g n i f i c a n t l y higher rate of abnormalit ie s (27%) in comparison to f e m a l e p a r t i c i p a n t s (9%). Male s were more
l i k e l y t" report occupational exposures and were more l i k e l y to report f r equent recreational activities that involved
vermicnl i t e exposure.

T a b l e <>. Crude Rates and O d d s Ratios by Sex
Pleural F i n d i n g s - All Views

S e x
F e m a l e
Male

n
2856
2734

Normal
2602
1994

Abnormal
254
740

% Abnormal
8.9

27.1

Odds Ratio
1.0
3.8

95% CI
0

3.3 -4.4

T a b l e 7 shows propor t i ons and odds ratios for pleural abnormalities by age. The odds of observing pleural
abnormali t i e s increases with age, which is related to latency and length of exposure. Rates increase f rom 5% in
young n d u l t s age 18-44, to 20% for p a r t i c i p a n t s age 44-65, to 38% for p a r t i c i p a n t s age 65 years and older.

T a b l e ". Crude P r o p o r t i o n s and O d d s Ratios by Age
Pleural F i n d i n g s - All Views

A g e g i p
18-44 Years
45-64 Years

n
2052
2531

Normal
1949
2021

Abnormal
103
510

% Abnormal
5.0

20.2

Odds Ratio
1.0
4.8

95% CI
0

3.8-6.0
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65+ ^ ears______1007_______626_______381________37.8_______11.5 9 .1-14 .6

T a b l e fc shows pleural f i n d i n g s for those par t i c ipant s age 18-35. The Libby community expressed a particular
intere s i in an assessment of health risks for the younger par t i c ipant s so add i t i ona l analyses were conducted on thi s
age group.

T a b l e X. Pleura] F i n d i n g s Among P a r t i c i p a n t s Age 18-35
Pleural F i n d i n g s - All Views

Sex_______________n__________Normal_______Abnormal______% Abnormal
~ 897 881 16 L8

Male 418 403 15 3.6
F e m a l e 479 478 1 0.2

Of the *97 participants age 18 to 35, 16 were observed to have a pleural abnormality. Of these 16 part ic ipants , 1
was agi 20, 4 were age 25-29, and the remaining 11 were age 30-35. The abnormality rates were 0.3% for
part i c ip .mt s 18-24 years o ld , 0.9% for par t i c ipan t s 18-29 years old and 1.8% for par t i c ipant s 18-35 years old. A
fur ther .malysis of the 16 part ic ipants with pleural abnormalities showed that they were more l ike ly to be male, to
be over \veight (to be in the highest quartile for BMI), and to have reported f r equent recreational activity such as
p l a y i n g in the vermiculite p i l e s or "popping" vermiculite. Mul t ivar ia t e analysi s of par t i c ipant s age 18-35
i d e n t i f i e d p o p p i n g vermiculite, being male, and having a high BMI to be s t a t i s t i c a l l y associated with f i n d i n g a
pleural abnormality.

T a b l e ^ shows crude proport ions and odds ratios for pleural abnormalities (all views) by cigarette smoking history.
Curren: and former smokers were more l ik e ly to have f i n d i n g s of pleural abnormalities than those who never
smokec T h i s f i n d i n g may be related to an association between cigarette smoking and exposure risk f a c t o r s such as
occupai tonal exposure to asbestos.

T a b l e ' ' . Crude Rates a n d O d d s Ratios b y C i g a r e t t e smoking H i s t o r y
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Pleura! F i n d i n g s - All Views
Smoke
Nevei
Ex-Smoker
Current

n
2644
1764
1160

Normal
2328
1281

986

Abnormal
316
503
174

% Abnormal
12.0
28.2
15.0

Odds Ratio
1.0
2.9
1.3

95% CI
0

2.5-3.4
1.1-1.6

T a b l e I < I. shows propor t ions and o d d s ratios for pleural abnormalit ies by body mass index. T h o s e with a high body
mass index were more l i k e l y to have a f i n d i n g of pleural abnormalities and the risk for pleural abnormalities
increas s with increasing quartiles of BMI.

T a b l e 10. Crude Rates and O d d s Ratios by Body Mass I n d e x
Pleural F i n d i n g s - All Views

BMI
1" Q i i i i r t i l e
2 n d Q n a r t i l e
3 r d Qiuirt i l e
4* Q i K i r t i l e

n
1170
1252
1485
1627

Normal
1069
1073
1203
1208

Abnormal
101
179
282
419

% Abnormal
8.6

14.3
19.0
25.8

Odds Ratio
1.0
1.8
2.5
3.7

95% CI
0

1.4-2.3
2 .0-3 .2
2.9-4.6

T a b l e 1 I. shows crude propor t i on s and odd s ratios for pleural abnormalities by l eng th o f residency in the Libby
area. 1 hose who lived in the Libby area for 35 years or longer were more l ik e ly to have pleural abnormalities than
those \\ lio did not (33% vs. 12%).

T a b l e 11. Crude Rates and O d d s Ratios by Length of Residency
Pleural F i n d i n g s - All Views

ResDur
0-14 Years
15-22 Years
23-34 Years
35+ "> ears

n
1221
1342
1501
1501

iNormal
1080
1209
1277
1008

Abnormal
141
133
224
493

% Abnormal
11.6

9.9
14.9
32.8

Odds Ratio
1.0
0.8
1.3
3.8

95% CI
0

0.7-1.1
1.1-1.7
3.1 -4.6

Multivuriate Analysis - Adjusted Rates
The crude and univariate analyses considered thus far do not account for the p o s s i b i l i t y that individual associations
can become weaker or stronger in the presence of other variables (known as interact ion), nor do they account for
the pos - i b i l i t y that f a c t o r s may confound each other. The mult ivariate analysis overcomes these l imi ta t ions and is a
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u s e fu l i .wl for asses s ing the e f f e c t of several fa c t or s acting together and their association with an outcome.

M u l t i v ; i r i a t e l o g i s t i c regression was used to assess the association between pleural abnormalit ies and 17 exposure
pa thwavs , while a d j u s t i n g for age, sex, E N D , cigarette smoking status, years lived in the Libby area, neighborhood
environ mental concern leve l , and pulmonary disease or pulmonary surgery or in jury. The f ina l model is d i s p l a y e d
i n T a b l 12 .

T a b l e 12. Resu l t s of M u l t i v a r i a t e L o g i s t i c Regression A n a l y s i s ^MjJM^ii^MHiiMiiii^iiiiiiM
Variab l e
I n t e r c e p t
Workwr
Work :nd
H H W K
V e r m | K ) p

P l a y b i l l

V e r m | ) l a y

Subse \
Resdur

Age
BMI

Smok •

Age* Workwr
H H W R * S u b s e x
A g e * l n ( A g e )

Level

Yes
Yes
Yes
Somet imes
F r e q u e n t l y
Sometimes
F r e q u e n t l y
Somet imes
F r e q u e n t l y
Male
14-22 Years
22-34 Years
35+ Years

2n d Quartile
3 r d Quartile
4* Quartile
Ex-Smoker
Current
Yes
Y e s * M a l e

Beta
-12.14

2.05
0.32
1.20
0.30
0.26

-0.09
0.21
0.50
0.57
1.60
0.12
0.21
0.72
0.43
0.32
0.44
1.17
0.35
0.35

-0.02
-0.63
-0.07

P-Value
<0.01
O.01
0.02
0.01
O.01
0.14
0.47
0.09

O.01
<0.01
<0.01
0.47
0.16

<0.01
<0.01
0.06
0.01

<0.01
<0.01
0.01
0.04

<0.01
0.01

Odds Ratio

1 . 3 5 ( 1 . 0 4 - 1 . 8 3 )

1 . 3 5 ( 1 . 1 0 - 1 . 6 5 )
1 . 2 9 ( 0 . 9 2 - 1 . 8 1 )
0 . 9 2 ( 0 . 7 3 - 1 . 1 6 )
1.23 (0.97-1.56)
1 . 6 5 ( 1 . 2 9 - 2 . 1 1 )
1 . 7 6 ( 1 . 3 1 - 2 . 3 6 )

1 . 1 2 ( 0 . 8 2 - 1 . 5 5 )
1.23 (0.92-1.64)
2.05 ( 1 . 5 6 - 2 . 6 9 )

1 .37(0 .99-1 .90)
1 . 5 5 ( 1 . 1 3 - 2 . 1 2 )
3.21 (2.37-4.36)
1 . 4 2 ( 1 . 1 6 - 1 . 7 4 )
1 . 4 2 ( 1 . 1 0 - 1 . 8 5 )

F i n a l Model Fit: Hosmer-Lemeshow G o o d n e s s - o f - F i t T e s t , Chi-Square = 4.33, DF = 8, Pr > Chi-Square = 0.83

The rej ression model can be used to make comparisons between various groups and to assess the relative
importance of various exposure pathways and covariates in p r e d i c t i n g pleural abnormalities.
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The model shows that the f o l l o w i n g f a c t o r s are associated with pleural abnormalit ies: having been a WRG worker
or a set ondary contractor at W R G ; having been a household contact of a WRG worker; having f r equ en t ly p o p p e d
v e r m i c i i l i t e , p layed in vermicul i t e p i l e s or p layed at the b a l l f i e l d s near the expansion p l a n t s ; being male; being
o l d e r ; having lived in the Libby area for a longer period of time; having smoked cigarettes; and having a high
BMI.

The model also shows that several of the variables interact with each other. For example , the odds of having a
pl eura l abnormality among former WRG workers d i f f e r s with age. As age increases, the odds of having a pleural
abnormal i ty increases, but not as quickly for former W.R. Grace workers as for non-W.R. Grace workers. The
model : i l s o shows that o d d s of having a pleural abnormality among household contacts of former WRG workers is
higher lor f e m a l e s than for males.

The risk f a c t o r s that produced the largest increase in the odds of f i n d i n g pleural abnormalities were: being a former
WRG v, orker, being male, and being a f e m a l e household contact of a former WRG worker. The model shows that
the estimated odds of f i n d i n g a pleural abnormality is 7.7 times higher for a former WRG worker compared to a
non-worker of the same age, a d j u s t i n g for all of the other variables in the model (i.e . , assuming that the
p a r t i c i p a n t s being compared are alike with respect to age, sex, BMI, residential his tory, c igaret te smoking status,
and other risk f a c t o r s considered in the model). The model shows that the estimated odds of f i n d i n g a pleural
abnormal i ty is 4.97 times as high for males than it is for f e m a l e s a f t e r a d j u s t i n g for other variables in the model .
The esi imated odds of f i n d i n g a pleural abnormality is 3.3 times higher for f e m a l e s who were household contacts
of f o r m e r WRG workers compared to f e m a l e s who were not. The corresponding increased odds for males is 2.7.
The me'del also shows that as age increases the odds of f i n d i n g a pleural abnormality increase, though the
r e l a t i o n s h i p is non-linear. For e xample , the estimated odds of f i n d i n g a pleural abnormality for a 30 year old is
3.65 times higher than for a 20 year o ld . However, the odds reduce to 2.08 when comparing a 60 year old to a 50
year o l d . Among the non-occupational or household contact exposure pathways, p l a y i n g in the vermiculite p i l e s
f r e q u e n t l y was most associated with and increased odds of f i n d i n g pleural abnormali t ie s . T h o s e who p layed in the
p i l e s f r e q u e n t l y had an estimated odd s of pleura! abnormalities 1.76 times higher than those who never p layed in
the p i l e s . The model pr ed i c t s that those part i c ipant s with m u l t i p l e exposures have increased risk of abnormal
pleural f i n d i n g s than those with only a subset of the exposures. The m a j o r i t y of these par t i c ipant s reported
m u l t i p ) j , rather than s i n g l e exposure pathways.
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The d i s i r i b u t i o n of exposure pathways is d i s p l a y e d in T a b l e 13. Only 2.6% of p a r t i c i p a n t s had no apparent
exposu c. Over 40% of the par t i c ipan t s reported six or more exposure pathways.

T a b l e 1 3 . D i s t r i b u t i o n o f M u l t i p l e E x p o s u r e Pathways f o r A l l P a r t i c i p a n t s
Number of Pathways

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

Frequency
159
412
703
797
801
817
709
644
488
280
179
104
38
14
3
0
1

Percent
2.6
6.7
11.4
13.0
13.0
13.3
11.5
10.5
7.9
4.6
2.9
1.7
0.6
0.2
0.1
0.0
0.0

The pre\ alence rates for pleural and in t er s t i t ia l abnormalities among p a r t i c i p a n t s with m u l t i p l e exposures compared
to those A i t h no apparent exposures is d i s p l a y e d in T a b l e 14.

I £ . r * ^ d = j j

T a b l e l 4 .
Pleural F i n d i n g s - All

Views
Exposure C l a s s i f i c a t i o n n
0 Exposure Pathways 122
( N o A p p a r e n t Exposure)
1-3 Ex insure Pathways 1569

Normal
116

(95%)
1394

(89%)

Abnormal
6

(5%)
175

(11%)

I n t e r s t i t i a l F i n d i n g s - PA
View

Normal
121

(99%)
1559

(99%)

Abnormal
1

(1%)
10

(1%)
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4-5 Ex insure Pathways 1488 1262 226 1471 17
(85%) (15%) (99%) (1%)

6+ Exposure Pathways 2411 1824 587 2390 21
(76%) (24%) (99%) (1%)

T h i s t ab i e shows that 24% of persons reporting six or more exposure pathways (43% of par t i c ipan t s with chest
r a d i o g r a p h s ) had pleura! abnormalities compared to only 5% in the no apparent exposure group. Of the i n t e r s t i t i a l
f i n d i n g s in these groups, 1% occurred in the all exposure pathway groupings.

Pulmonary Function Testing |i< ow'
/ L

T a b l e 14 summarizes restrictive abnormalit ies i d e n t i f i e d in the pulmonary f u n c t i o n t e s t s , by exposure pathway for
those 18 years and older. T h i s does not inc lude par t i c ipant s who had s ign i f i can t obstructive lung changes, for
whom n strictive changes could not be evaluated. Partic ipants who reported they were former workers at WRG had
the h ighe s t percentage of restrictive abnormalities of all exposure pathways. As with the in t er s t i t ia l changes seen on
the chesi radiographs, the number of part i c ipants with moderate-to-severe restrictive funct ion was much lower than
the numlier of p a r t i c i p a n t s with pleura! abnormalities. There were no restrictive changes seen in par t i c ipant s less

18 .ears of age.

A multh ariate l o g i s t i c regression model showed that the f o l l o w i n g f a c t o r s were associated with restrictive
abnormal i t i e s : being a former WRG worker or having worked with vermiculi te at a non-WRG j o b , having had chest
surgery, being o lder , having a high B M I , and being a past or current smoker.

The risk f a c t o r that produced the large s t increase in the odds of having a restrictive abnormality was being a current
smoker. The estimated odd s of a restrictive abnormality was 3.15 (1.4-7.0) times higher for a current smoker than
that of a par t i c ipant who never smoked. The estimated odds ratios for the other f a c t o r s in the model were: 3.0 (1.6-
5 .8) for i hose who reported having had chest surgery, 2.8 (1.2-6.7) for those in the highest BMI quartile, 2.4 (1.2-
4.8) for lormer WRG workers, and 2.0 ( 1 . 1 - 3 . 6 ) for non-WRG workers exposed to vermiculite.

The model also shows that as age increases the odds of f i n d i n g a restrictive abnormality increase. A 10-year
increase in age results in an estimated increase of 10.8 for the odds of restrictive abnormality.
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T a b l e 14. Restric t ive A b n o r m a l i t i e s in Pulmonary F u n c t i o n , by Expo sure Group
Moderate-to-Severe Restrictive Abnormal i t i e s
( l e s s than 70% of predicted values)

Exposui e Pathway
Ever work for W R G / Z o n o l i t e
S e c o n d a r y contractor work
Dust ex i >osure at non WRG jobs \s&
Vermici i l i t e exposure at non WRG j o b s S J^^
Non WKG job working w/ asbestos j*y r^/
Worked at any job exposed to asbestos <£/
Asbes to s exposure in the mili tary
Lived w ith W R G / Z o n o l i t e workers
Vermici i l i t e insulation in homes
Asbe s to s produc t s in homes
Used Vi rmiculite for gardening
Used Vv rmiculite around the home
H a n d l e d Vermicul i t e in su la t ion

S o m e t i m e s
F r e q u e n t l y

Recrealional activit ie s along Rainey Creek
S o m e t i m e s
F r e q u e n t l y

Played ; i t b a l l f i e l d near expansion p l a n t
S o m e t i m e s
F r e q u e n t l y

Played H I Vermicul i t e p i l e s
S o m e t i m e s
F r e q u e n t l y

Popped Vermicu l i t e
Somet ime s
F r e q u e n t l y

Other c< mtact with Vermicul i t e
Somet ime s
F r e q u e n t l y

Normal
214

V, IT 259
*#>*> 1325
dr 592

81
486
95

796
1639
611

2045
324

1584
413

1842
841

1196
1409

828
520

1282
320

995
150

Abnormal
13
6

28
20
1
7
1

24
39
19
48
4

32
11

36
16

24
14

9
10

22
7

16
6

% Abnormal
5.7
2.3
2.1
3.3
1.2
1.4
1.0
2.9
2.3
3.0
2.3
1.2

2.0
2.6

1.9
1.9

2.0
1.0

1.1
2.0

1.7
2.1

1.6
3.9

Participant-Reported Symptoms and Illnesses
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T a b l e 1.4 shows background rates of s e l f - r e p o r t e d symptoms and i l ln e s s e s . The most commonly reported i l ln e s s was
chest i l l n e s s (28.1%). The most commonly reported symptom was shortness of breath (35.6%).

T a b l e l r \ Background S e l f - R e p o r t e d S y m p t o m s and Elne s s e s
Number %

Ever Rid Tuber cu l o s i s ( 6 1 4 2 )
Ever H o s p i t a l i z e d f o r P n e u m / P l r s y ( 6 1 3 8 )
C o n g e s t i v e Heart F a i l u r e ( 6 1 3 6 )
Other ( ' h e s t I l l n e s s e s ( 6 1 4 8 )
Chest Injury Such as Broken Rib ( 6 1 4 1 )
Ever Had Chest Surgery ( 6 1 4 8 )
Lung Disease or C o n d i t i o n ( 6 1 4 8 )
A r t h r i i i s , Scl eroderma, Lupu s ( 5 5 6 0 )
Ever h, id Cancer (6 13 8)
Cough Phlegm in Past 2 Years ( 5 5 9 8 )
Hoarse or D i f f i c u l t y S w a l l o w i n g ( 6 1 4 8 )
Chest I ' a i n s Related t o Breathing ( 6 1 3 5 )
Lost More Than 151bs in Last 6 Months ( 6 1 4 3 )
Ever Coughed Bloody Phlegm ( 6 1 3 7 )
Cough on Most Days ( 6 1 4 3 )
Shortne s s of Breath ( 6 1 3 6 )

58
885
336

1733
1030
359
780
413
522

1183
1261
1103
327
979
1423
2187

0.94
14.42
5.48

28.19
16.77
5.84
12.69
7.43
8.50

21.13
20.51
17.98
5.32

15.95
23.16
35.6

C O N C 1 U S I O N S
In the i n i t i a l assessment of chest rad iographs by the local radio log i s t or one B-reader, 30% of part i c ipant s had a
pleural abnormal i ty and 7% had an in t er s t i t ia l abnormality. T h o s e i n d i v i d u a l s were informed that they should have
the f i n d i n g reviewed by their private physic ian. The pr inc ipal results of this report are based on f i n d i n g s by two out
of three U-readers using three views of chest radiographs for pleural abnormali t i e s and the P-A view for in t er s t i t ia l
abnorm;i l i l i e s .

Eighteen percent (18%) of the p a r t i c i p a n t s had pleural abnormalities which was reported by at least two out of three
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c er t i f i ed B-readers for P-A and oblique views combined. I n t e r s t i t i a l abnormalit ies were seen in almost 1% of the
p a r t i c i p a n t s . A l t h o u g h the ILO standard for screening for pleura! abnormalit ies is based upon the P-A view, our
analyses using the combination of P-A view and oblique views increased the s ens i t iv i ty of this test . Pleural
a b n o r m a l i t i e s i d e n t i f i e d by combined views (17.8%) was higher than those i d e n t i f i e d by P-A view alone (14%) and
the ob l ique view alone (12%).

Pleural abnormalities
Pleural abnormal i t i e s varied by age, sex and BMI. Age is an important variable since it is related to both latency
and l e n g t h of exposure. Pleural abnormali t ie s ranged from 5% in those 18 to 44 years of age to almost 40% in
those 65 vears of age and older. The youngest person with an abnormality was twenty years o l d , and this was the
only per .on with an abnormality younger than 25 years of age. Only 5 p e o p l e were i d e n t i f i e d with pleural
abnorm;i l i l i e s below the age of 30. The extremely low prevalence rate (0.3%) for pleural abnormalities among this
youngesi age group confirmed our init ial decis ion to l imit chest rad i ograph s to those 18 years of age and older.
Because of duration and la t en cy cons iderat ions for these outcomes, we would not expect to see abnormali t ie s in
younger p e o p l e .

Crude odds ratios of pleural abnormalit ies were almost f our times higher among men than women. Men were more
l i k e l y to be exposed to vermiculite through occupational or recreational contact. Not s urpr i s ing ly , women were
more l i k j l y than men to be exposed to vermiculite through household contact or gardening. In addi t i on , prevalence
of p l e u n l abnormali t i e s increased with increasing l ength of residence in the Libby area with an almost f o u r - f o l d
increase. I risk of p l eural abnormal i t i e s among those with 35 or more years of residence compared with res idents of
14 years or less. Res iden t s who lived in the area a long time had more o p p o r t u n i t i e s for exposures unique to the
Libby ar ja. A d d i t i o n a l l y they were more apt to be o lder than those who lived in the area for a short time.

S m o k i n j tobacco product s has not been i d e n t i f i e d , in previous s tudie s , as a key pa tho l og i ca l f a c t o r in the
deve lopment of pleural abnormalities. However, in assessing pulmonary related changes, it is u se ful to control for
this behavior in order be able to determine that pulmonary changes f ound associated with an environmental
exposim could not be attributed to cigarette smoking.

BMI wa also associated with pleural p laque s in these analyses. W h i l e there is no known biological or p a t h o l o g i c a l
relat ions lup between body mass and the deve lopment of pleural abnormalit ie s , a heavier body mass index can make
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it more difficult to d i s t i n g u i s h between pleura! abnormalities and sub pleural or ex trapleural fat ( S a r g e n t et al.,
1984; Pi oto 1992). T h e r e f o r e , this variable, a long with age, cigarette smoking status and sex, were included in
mul t iva i ia t e model s assess ing r e l a t i o n s h i p s between exposures to asbestos contaminated vermiculite and p l eura l
abnormal i t i e s .

As expei ted, those who had worked for W.R. Grace had crude prevalence rates of 48% and were f i v e times more
l i k e l y to have pleural abnormali t ie s than non-W.R. Grace workers. F a m i l y contacts of W.R. Grace or Z o n o l i t e
workers were twice as l i k e l y to have pleural abnormalities as those who did not have this exposure. The crude odd s
ratios fo all exposure categories, except p l a y i n g ball near the expansion p l a n t and using vermiculite around the
home, \\ vjre s t a t i s t i c a l l y , s i g n i f i c a n t l y elevated.

In multi ariate analyses, the f a c t o r s most s t rongly related to having p l eura l abnormalit ie s were being a former WRG
worker, !>eing a household contact of a WRG worker and being male. Former WRG workers had almost 8 times the
risk of p l eura l abnormalit ies compared with non-WRG workers . The risk of p l eura l abnormalities among
househo ld contacts of WRG workers varied by sex. Women household WRG contacts vs WRG non-contacts were at
a higher risk of pleura! abnormali t ie s than male contacts vs. non-contacts. T h i s may be due to gender d i f f e r e n c e s in
r e s p o n s i b i l i t i e s for laundry and cleaning. T h e s e activities may lead to greater exposure to "take-home" dust.
A d d i t i o n a l l y , women workers, who t r a d i t i o n a l l y are found in more admini s t ra t ive or o f f i c e o ccupat ions within
indu s t r i e s , may have been exposed to less vermiculite on the job site than male workers and thus brought less
v e r m i c u l i t e home. Men had almost 5 times the risk of pleural abnormalities compared with women. Other
pathway •> of exposure associated with pleural abnormalities included p l a y i n g in vermiculite p i l e s and p o p p i n g
vermicu l i t e .

Those v\ Ho answered 'yes' to 6 or more exposure pathways had a prevalence rate of 24% for pleural abnormalities
compared with 5% for those who had no apparent exposures. No d i r e c t ly comparable Montana or U.S. p o p u l a t i o n
s tudie s <n re avai lable to estimate the rate of pleural abnormalities among those in Libby with no work-related
exposun s in a s imilar p o p u l a t i o n . S t u d i e s of d i f f e r i n g groups within the United S t a t e s believed to have no
s u b s t a n t i v e work-related asbestos exposures have found the prevalence of pleural abnormalities ranging f rom 0.2%
among b l u e - c o l l a r workers in N o r t h Carol ina ( C a s t e l l a n 1 9 8 5 ) , to 0.9% among l ogger s in Washington and Oregon
(Stilbolt 1 9 9 1 ) , to 1.8% among New J e r s e y res idents (Anderson 1979), and 2.3% among pa t i en t s at Veterans
Admini s i ration h o s p i t a l s in New Jer s ey ( M i l l e r JA 1996). The closest category to a ' n o n - e x p o s e d ' group for these
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analyses was the category of 'no apparent exposure' which has a prevalence rate of 5% for pleura! abnormalities.
A l t h o u g i this is higher than those of control groups or the general p o p u l a t i o n f ound in other s tudie s , this category
may ha\ j inc luded exposures to vermiculite which we had not considered, |tt|s::iaiî ^

Interstitial abnormalities and restrictive changes in lung function
The p r o p o r t i o n of in t er s t i t ia l abnormali t i e s and moderate-to-severe restrictive changes on p a r t i c i p a n t s ' spirometry
tests is much smal l e r than p l eura l abnormalities. T h i s f i n d i n g is cons i s t ent with cl inical reports by phys i c ians in the
Libby aiva that pa t i en t s f r e q u e n t l y present with pleural abnormalities. I n t e r s t i t i a l abnormalities are well correlated
with a s b j s t o s exposures, however these exposures are t y p i c a l l y higher and more intense than those associated with
the d e v e l o p m e n t of pleural abnormalities. Exposure to a s b e s t o f e f m f i b e r s in \ a ' m i c u l i t e may not be as intense as
other types of asbestos exposures. ^H^j^^^iim^^^^^Xii^^^^ii^^^^l^^^li^M
funct ion o|iiii|p^

The strongest risk f a c t o r for restrict ive changes in p a r t i c i p a n t s ' spirometry t e s t ing for adul t s 18 years and o lder was
current i igaret te smoking, being a former WRG worker, having had chest surgery, being in the highest BMI
quartile md age. U n f o r t u n a t e l y , restrictive changes in lung func t i on could not be evaluated in those par t i c ipant s
who als( had obstructive changes. No restrictive changes, as d e f i n e d for these analyses, were seen in par t i c ipant s
less t h a j i 18 years of age. However, latency and duration are important fa c t or s in the development of these changes
and not nough time or duration of exposure may have occurred for changes to have occured in younger p eop l e .

Symptoms and illnesses
Perhaps not unexpe c t ed ly , the most commonly reported health prob l em was chest i l l n e s s and the most commonly
reported symptom was shortness of breath. The s e results are d i f f i c u l t to interpre t because we do not have
compari -on rates for these outcomes and s e l f -r epor t ed i l ln e s s e s and symptoms are subjec t to recall bias.

Member > of the community also requested that ATSDR report the f i n d i n g s for s e l f - r e p o r t e d "arthritis, l upu s (SLE),
or scleroderma." Seven percent of the par t i c ipant s reported these conditions. The question did not d i s t ingu i sh
between irthritis result ing f rom phys i ca l degeneration of j o i n t s (o s t eoar thr i t i s), arthritis re sul t ing f r o m an
autoimmune p a t h o l o g y (such as rheumatoid arthriti s), or other forms of arthritis. T h u s , all re spondents cannot be
assumed to be s u f f e r i n g from an autoimmune patho logy. Asbe s to s i s has been associated with immunologic changes
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( h y p e r g i . i n m a g l o b u l i n e m i a , anti-nuclear ant ibodie s , and rheumatoid f a c t o r ) (Mulher in 1 9 9 3 ) and persons with
asbestos s may be p r e d i s p o s e d to the d e v e l o p m e n t of S L E , given the immunological changes seen in asbestosis.
Howevei at the present time, there is only limited in format ion about the association between auto-immune diseases
and asbc s to s i s . A l s o at this time, we have no prevalence rates for i l l n e s s e s such as l u p u s or scleroderma for the
general | >opulation which could serve as a comparison group.

Limitations
I n f o r m a l ion obtained through systematic survey methods or medical t e s t ing programs can have many l imitat ions .
The mecncal t e s t ing program was conducted with the pr inc ipal goal of p r o v i d i n g a service to the community j i l l

EliiiPi^
|. The in format ion will be u s e fu l for health care planning needs in the commum'ty||i|iiii|iililii||i|l
^iii^^lMii^^^ii: and unders tanding the scope and natural history of the l^liiiiiilii

i l l n e s s e s which can assist local health care providers. A perspect ive on the magnitude of the publ i c health problem
in the L i b b y area can be summarized by examining the prevalence asbestos-related abnormalities among
p a r t i c i p a n t s ! with but f|0̂ |̂ £ j u d g e m e n t s about the true extent of these abnormalities above expected values is
d i f f i c u l l 10 determine, d i j i r e c t comparisons of the occurrence of abnormalit ie s above the expected value $ii|fiiei
|̂||| ]X^i|il$i(ii cannot be calculated B-lecause no control group was i n c l u d e d . All s tudies involving volunteers
are subjec t to selection bias. It is po s s i b l e that those who volunteered for the program were more l ike ly to have been
p r e v i o u s l y diagnosed with an i l l n e s s , were more l ik e ly to have experienced symptoms than a randomly selected
p o p u l a t e m or were more l i k e l y to have had exposures and concerns about this. It is also p o s s i b l e that persons who
thought i hey had l i t t l e or no exposure chose not to par t i c ipa t e . N e v e r t h e l e s s , this program screened over 6,000
persons m Libby and the surrounding area which represents a substantial propor t ion (61%) of the total p o p u l a t i o n of
the Libb\ area. A d d i t i o n a l l y , most of the f i n d i n g s in this report are on more ob j e c t ive outcomes such as f i n d i n g s
f rom chi st radiographs or spirometry measurements. Observer bias is l imi t ed by f o l l o w i n g established standards for
i n t e r p r e t . i t i o n of chest radiographs which require the use of B-readers trained in de tec t ion of occupational disease
and agreement in two out of three B-readers. F i n d i n g s on s e l f - r epor t ed symptoms and i l lne s s e s must be in t erpre t ed
with camion due to lack of comparison rates and the potential for recall bias.

S U M J V L V R Y
One of the pr in c ipa l ob j e c t ive s of the medical t e s t ing program was to i d e n t i f y i l l n e s s e s experienced by par t i c ipant s
exposed 10 asbestos in order to better in form local physicians. Pleural abnormalities were observed on the chest
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rad iograph s of almost 18% of par t i c ipan t s in the medical te s t ing program. I n t e r s t i t i a l abnormalities were seen in
1% of p; . r t i c ipant s . The risk of pleura! abnormalities increased with increasing age and increasing length of
residenc in the Libby area. T h i s sugge s t s the p o s s i b i l i t y that abnormali t ie s will continue to deve lop in this
p o p u l a t i . >n as it ages.

A secont I object ive was to better characterize pathways of exposure in this community and risk of i l lne s s e s . Sji?

f a c t o r s most s trongly related to
having r leural abnormali t ie s were 1) having been a WRG worker, 2) having been a household contact of a WRG
worker, md 3) being a male. The odds of f i n d i n g a pleural abnormality was almost 8 times higher for former WRG
workers j ompared to non- workers of the same age. The odds of f i n d i n g a pleural abnormality was over 3 times
higher for f e m a l e household contacts of WRG workers compared f e m a l e s who did not report having this exposure.
Men haci almost 5 times the risk of pleural abnormalities as women.

Part i c i p;mt s could have been exposed through several pathways,
tUtii^ia ^tfiJij&iU^^^^^H^^Kf^s analysis found that 24% of par t i c ipant s with m u l t i p l e
exposim s had abnormal pleural f i n d i n g s compared with 5% of par t i c ipan t s with no apparent exposure.

P a r t i c i p a n t s who reported they were former WRG workers had the highest percentage of restrictive changes of all
exposim pathways as measured by pulmonary funct ion test ing. Being a current smoker was the strongest risk f a c t o r
for havii ig restrictive abnormalities . Other risk fac tor s included being a former WRG worker, being a non-WRG
worker c \posed to vermiculite, having had chest surgery and being in the highest body mass index category.

T h i s rep> >rt summarizes the f i n d i n g s f r o m the year 2000 medical te s t ing program. T e s t i n g is continuing and as
a d d i t i o n 1 1 data are received, addi t i onal analyses will be conducted.
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